The cause of PHACE syndrome is unknown. In a study of 218 patients, we examined potential prenatal risk factors for PHACE syndrome. Rates of pre-eclampsia and placenta previa in affected individuals were significantly greater than in the general population. No significant risk factor differences were detected between male and female subjects. (J Pediatr 2017;190:275-9).
, and Dawn H. Siegel, MD 16 The cause of PHACE syndrome is unknown. In a study of 218 patients, we examined potential prenatal risk factors for PHACE syndrome. Rates of pre-eclampsia and placenta previa in affected individuals were significantly greater than in the general population. No significant risk factor differences were detected between male and female subjects. (J Pediatr 2017; 190:275-9) . P HACE syndrome (OMIM 606519) is a disorder characterized by posterior fossa brain malformations, large or segmental Hemangiomas, Arterial cerebrovascular and/or Cardiovascular anomalies, Eye abnormalities, and ventral developmental defects. The cause of PHACE syndrome is unknown, and although genetic factors have been proposed, prenatal risk factors for PHACE syndrome have not been examined thoroughly. [1] [2] [3] Risk factors for infantile hemangiomas have been described previously, including female sex, older maternal age, prematurity, low birth weight, and multiple gestation. Published reports of patients with PHACE syndrome have found that, unlike patients with infantile hemangiomas alone, those with PHACE syndrome are more likely to be female, generally are born full term, and more often are the result of single-gestation pregnancies. 4, 5 However, previous studies in which the authors described prenatal factors in PHACE syndrome were based on fewer than 35 patients each. 5, 6 Thus, we sought to update the existing literature by using a large, international clinical registry to examine potential prenatal risk factors for PHACE syndrome.
Methods
We performed a cross-sectional analysis of patients enrolled in the PHACE Syndrome International Clinical Registry and Genetic Repository through August 2016. [7] [8] [9] Patients were recruited for enrollment into the registry November 18, 2010 to August 31, 2016, via in-person visits at the Children's Hospital of Wisconsin (Milwaukee, Wisconsin), referrals from the PHACE Syndrome Community advocacy group, direct enrollment via the PHACE syndrome registry Web site, and direct referrals from other physicians and genetic counselors to the registry investigators. Only patients with a confirmed clinical diagnosis of PHACE syndrome after review of medical records were included in the analysis.
At the time of registry enrollment, the patient or his or her caregiver completed a questionnaire that assessed patient demographics, prenatal characteristics, and maternal pregnancy history. Additional questions were added to the registry enrollment questionnaire over time, including those on maternal medication use, infection, trauma, and near miscarriage during the pregnancy; thus, only a subset of registry participants completed these particular questions. Descriptive statistics were performed, and the 1-sample test of proportion was used to compare our data with prevalence rates in the general population as obtained from published literature or US national health statistics. An exploratory analysis comparing male and female patients with respect to prenatal characteristics also was performed; the Fisher exact test was used to compare categorical variables, and the Student t test or Wilcoxon rank-sum test was used to compare continuous variables as warranted by the distribution of the data. All patients provided informed consent at the time of registry enrollment, and the study was approved by the institutional review board at the Children's Hospital of Wisconsin. Table I) . Low birth weight and very low birth weight were reported in 7.4% and 1.1%, respectively, of the patients and are similar to the US population prevalence rates of 8.0% (P = .76) and 1.4% (P = .69), respectively. 10 The median gestational age at birth was 39 (IQR 38-40) weeks, with 90.9% of patients born at full term ( Table I ). The mean maternal age was 30.6 years (SD 5.91 years). The birth month of patients with PHACE syndrome did not appear to have any apparent seasonal trends ( Table I) .
PHACE
Of the 218 patients in the registry, 193 patients were asked about prenatal procedures, prenatal complications such as preeclampsia and placental abnormalities, and maternal pregnancy history on the enrollment questionnaire. The median number of total pregnancies in the mothers of patients with PHACE syndrome was 2 (IQR 2-3). Of respondents, 66.1% of mothers had no history of miscarriages, 23.6% had 1 previous miscarriage, and 10.3% reported 2 or more previous miscarriages (Table II) . Among the 41 mothers with a history of 1 miscarriage, 16 mothers reported the trimester in which the miscarriage occurred: 13 (81.3%) in first trimester, 2 (12.5%) in second trimester, and 1 (6.3%) in third trimester (Table II) . Among the 18 mothers in our cohort with a history of 2 or more miscarriages, there were 46 miscarriages in total; of these, 21 miscarriages had associated data on trimester of occurrence: 18 (85.7%) in first trimester, 3 (14.3%) in second trimester, and none in third trimester (Table II) . Three mothers reported associated fetal anomalies with their miscarriages: Turner syndrome, trisomy 19, and anencephaly. Twenty-two (11.7%) mothers indicated a history of maternal infertility, which was similar to the US population prevalence of infertility of 12% (P = .90).
11,12 Twenty-three (12.3%) patients were conceived by fertility therapy, with in vitro fertilization being the most commonly used type of treatment (Table II) . Eleven (5.9%) patients were the product of multiple-gestation pregnancies, a rate that is slightly greater but not significantly different from the US population prevalence of multiple gestation of 3.5% (P = .08).
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Amniocentesis and chorionic villus sampling were performed in 9.5% and 2.2% of the pregnancies, respectively (Table II) . A total of 16 (8.5%) pregnancies were reported to be complicated by pre-eclampsia, which is significantly greater than the population prevalence rate of 3.4% (P < .001).
14 Of the 16 patients with pre-eclampsia, 10 (62.5%) were diagnosed in the third trimester, 1 (6.3%) in the second trimester, none in the first trimester, and 5 (31.3%) were unknown. Ten patients reported the specific gestational week of preeclampsia diagnosis, with a median age of 35.3 (IQR 33-38, range 21-39) weeks. Placental abnormality was reported in 21 (11.2%) pregnancies, with placenta previa being the most commonly reported abnormality ( Table II) . The rate of placenta previa within our cohort was 3.2%, which is significantly greater than the North American population prevalence of 0.29% (P < .001). 15 Of the 6 patients with placenta previa, 2 (33.3%) were diagnosed in the first trimester, 1 (16.7%) in the second trimester, 1 (16.7%) in the third trimester, and 2 (33.3%) were unknown. Fourteen (7.4%) pregnancies were complicated by maternal diabetes ( Table II) .
The 50 most recently enrolled participants in the registry also were asked questions about prescription medication use, infection, trauma, near miscarriage, and bleeding during pregnancy on their enrollment survey. Of 47 participants with completed responses, 16 (34.0%) mothers had used prescription medications during their pregnancy, with acetaminophen and antiemetics being the most commonly reported medications (Table II) . Prenatal infection was reported by 6 (12.8%) mothers, and prenatal trauma was reported by 4 (8.5%) mothers (Table II) . Only 1 mother had a near miscarriage during her pregnancy, and 5 (10.9%) mothers reported bleeding during the pregnancy (Table II) . There was no overlap between the mothers reporting trauma and those reporting bleeding. Given the female predominance in PHACE syndrome, we examined whether female and male patients with PHACE syndrome differed with respect to their prenatal characteristics and maternal pregnancy history. We observed no significant differences between male and female patients, including with respect to birth weight, gestational age, and rates of multiple gestation, pre-eclampsia, and placental abnormalities (data not shown). Maternal characteristics such as age, number of pregnancies and miscarriages, history of infertility, and use of fertility treatment also did not differ between the 2 groups (data not shown).
Discussion
In this study, we describe the prenatal characteristics of a large cohort of patients with PHACE syndrome. We observed a female-to-male ratio of 4.2, which is lower than the femaleto-male ratio of 7.3 that was described previously in smaller cohorts of patients with PHACE syndrome but remains greater than the female-to-male ratio of 2.4 observed in a large *Placental abnormalities: placenta previa (6 patients), 2-vessel cord (single artery) (2 patients), placental infarction (2 patients), oligohydramnios (2 patients), placenta was not truly placenta previa but adjacent to it (1 patient), small placenta (1 patient), dry placenta (1 patient), infected placenta (1 patient), thickening of placenta (1 patient November 2017
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prospective study of isolated infantile hemangiomas. 4, 5 Although one previous study compared disease severity and presentation between male and female patients with PHACE syndrome and found no major differences with the exception of more structural brain anomalies in male patients, no study to our knowledge has compared prenatal characteristics between male and female patients with PHACE syndrome. In our exploratory analysis, we found no significant differences between male and female patients with respect to potential prenatal risk factors.
Similar to previous reports of patients with PHACE syndrome, we found that the majority of patients in our registry are of white race, normal birth weight, and full-term gestation. 5, 6 It is interesting that although sporadic infantile hemangiomas often are associated with prematurity, PHACE syndrome does not appear to be, the reasons for which remain unknown. In the case of sporadic infantile hemangiomas, it has been postulated that placental complications in utero drive both hemangioma development and prematurity. 16 If such placental abnormalities also drove hemangioma development in PHACE syndrome, it is unclear why such placental abnormalities also would not lead to prematurity in PHACE syndrome as they are thought to do in the case of infantile hemangiomas. Perhaps there is a compensatory mechanism or a genetic or epigenetic alteration present in PHACE syndrome but absent from sporadic infantile hemangiomas that prevents the placental abnormalities from inducing premature labor. However, this is speculative, and further research is needed to elucidate the mechanisms underlying these differences between PHACE syndrome and sporadic infantile hemangiomas.
We observed significantly greater reported rates of preeclampsia and placental abnormalities, specifically placenta previa, in our cohort of patients with PHACE syndrome than in the general population, suggesting that these complications may be potential risk factors for PHACE syndrome. In reviewing the pregnancies with pre-eclampsia or placental abnormalities, we did not see any striking features unique to these pregnancies. Four of the 16 patients with pre-eclampsia had been asked about medications, infections, trauma, near miscarriage, and bleeding during pregnancy. One of the 4 patients reported prescription medication use (levothyroxine), although none reported infection, trauma, near miscarriage, or bleeding. Among the 21 patients reporting placental anomalies, 8 had been asked about medications, infections, trauma, near miscarriage, and bleeding during pregnancy but only 6 patients provided responses. Of these 6 patients, 1 reported prescription medication use (ondansetron), 4 reported no medication use, and 1 was unknown. Infection was reported by 1 of the 6 patients (bacterial vaginosis and yeast infection), and trauma was reported by 1 of the patients (a fall). No patients reported near miscarriage, and 1 patient reported bleeding due to her low-lying placenta. We also further examined the structural brain and vascular anomalies seen in this population. Of the 16 patients with pre-eclampsia, data on structural brain and vascular abnormalities were available for 15 patients: 9 (60.0%) had brain or posterior fossa abnormalities; 12 (80.0%) had arterial anomalies; and 12 (80.0%) had cardiac abnormalities. Of the 21 patients with placental abnormalities, we had data on structural abnormalities for 20 patients: 8 (40.0%) had brain or posterior fossa abnormalities; 14 (70.0%) had arterial anomalies; and 11 (55.0%) had cardiac abnormalities. Although these sample sizes are small, the frequencies of specific anomalies generally are similar to what we see across the entire cohort: 41% had brain or posterior fossa abnormalities, 80% had arterial anomalies, and 54% had cardiac abnormalities. It is thus difficult to draw any conclusions from our data about whether pre-eclampsia or placental abnormalities have a direct impact on the structural abnormalities.
Moreover, rates of pre-eclampsia and placenta previa also are elevated similarly among patients with infantile hemangiomas in general. In a study by Haggstrom et al, 4 in >1000 children with infantile hemangiomas, the rates of placenta previa and pre-eclampsia were 3.3% and 11.8%, respectively, which are similar to the rates observed in our study. In another smaller study of 594 infants, placental abnormalities were noted in 37% of infants with infantile hemangiomas but only in 18% of those without hemangiomas. 17 These findings suggest that placental abnormalities and pre-eclampsia may not be risk factors specific to PHACE syndrome but are instead risk factors for the hemangioma component of PHACE syndrome.
Several mechanisms have been posited to explain the association of placental abnormalities and pre-eclampsia with hemangiomas. As infantile hemangiomas share histochemical features and a similar programmed life cycle with placental tissue, it has been suggested that hemangiomas may be derived from placental tissue. 18, 19 Pre-eclampsia and placenta previa can be associated with placental insufficiency resulting in hypoxia. Hypoxia has been proposed to be an important driver of hemangioma development and therefore may be a risk factor in PHACE syndrome as well. 20, 21 Although infantile hemangiomas have been associated with the use of in vitro fertilization in previous studies, [22] [23] [24] the rates of maternal infertility and fertility treatment in our study were not significantly different from population prevalence rates, suggesting that these are less likely risk factors for PHACE syndrome. However, 34% of mothers in the registry reported a history of at least 1 miscarriage, and this rate is significantly greater than population estimates of miscarriage of 20%. 12 Finally, we did not observe in our cohort any major patterns in the season of birth or rates of amniocentesis, chorionic villus sampling, maternal diabetes, prenatal trauma and infection, or prescription medication use.
Our study has limitations. First, nonresponse to certain items in the enrollment questionnaire led to >10% missing data on several variables, including birth weight, gestational age, and maternal age. However, the amount of unreported data on pregnancy history and prenatal characteristics was generally low, and as the study is primarily descriptive, we did not perform multiple imputation. Second, our study relied on patient selfreport, which may be subject to limitations in recall. As preeclampsia and placental anomalies were self-reported by the mothers in our study, the ascertainment of maternal condi-THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 190 tions may differ from that used in the studies from which population prevalence rates were derived. Third, we did not have a comparator group of patients without PHACE syndrome to compare directly with our cohort, but we instead used population prevalence rates from the literature. Fourth, we may have been underpowered to detect statistically significant differences between male and female patients in our exploratory analysis, thus limiting our ability to draw definitive conclusions from those findings. Finally, the number of patients who were surveyed about prenatal medications, infection, trauma, and bleeding was limited in sample size to only the most recently enrolled 50 patients.
Our study supports previous findings that patients with PHACE syndrome are mostly female and white but less likely to be premature or of low birth weight than patients with isolated infantile hemangiomas. Our results also suggest that preeclampsia and placenta previa may be potential risk factors for PHACE syndrome, but further work is needed to distinguish their impact on the development of infantile hemangiomas alone vs PHACE syndrome specifically. Overall, no single prenatal risk factor appears to drive PHACE syndrome, and to date, no clear genetic cause has been identified. As our understanding of the genetics of PHACE syndrome grows, it also will be imperative to investigate the interaction between prenatal risk factors and genetic influences in the pathogenesis of PHACE syndrome. ■
